We present comprehensive global fits of supersymmetric (SUSY) models from the Global and Modular Beyond-the-Standard-Model Inference Tool (GAMBIT) collaboration, based on arXiv:1705.07935 and arXiv:1705.07917. We investigate several variants of the minimal supersymmetric standard model, a fully constrained version (CMSSM) with universal scalar (m 0 ), gaugino (m 1/2 ) and trilinear masses (A 0 ) at the gauge coupling unification scale, a similar model that is relaxed by adding an extra parameter for the soft Higgs masses (NUHM1), another where the soft Higgs masses are also split (NUHM2) and finally a weak scale MSSM7 model. We use the public GAMBIT global fitting framework and take into account all relevant data to reveal the regions of parameter space with the highest likelihood. Our results reveal that all models have very heavy scenarios that are well out of reach of the LHC, but will be probed by forthcoming dark matter experiments, as well as a stopco-annihilation region which has better prospects for detection in collider experiments. The stau co-annihilation region is excluded from the CMSSM at 2σ but is present in the NUHM1 and NUHM2 variants. Finally by relaxing constraints in the NUHM1, NUHM2 and MSSM7 we see additional regions appear: lighter chargino co-annihilation region, sbottom co-annihilation and h/Z funnels.
Introduction
All realistic SUSY models have both a large multidimensional parameter space and many collider and astrophysical observables can constrain that parameter space. To understand the combined impact of all of these observables on the model we need to perform global fits of these models using rigorous statistical methods and intelligent scanning algorithms. To do this we have created GAMBIT, which is both a new global fitting collaboration and a public tool for performing global fits of models of beyond the standard model physics [1] [2] [3] [4] [5] [6] . GAMBIT is designed to work with any standard model (SM) extension (both non-SUSY and non-minimal SUSY), but in this proceedings we focus * on the results in the minimal supersymmetric standard model (MSSM). We present results in the CMSSM, NUHM1 and NUHM2 based on work carried out in Ref. [8] and also for a weak scale MSSM7 from Ref. [9] .
GAMBIT allows the user to choose between a number of different calculators for the MSSM. For the results discussed here we used the following backends (external codes): Diver [2] The results for the CMSSM global fit are shown in Fig. 1 as 2σ confidence regions in the m 0 − m 1/2 plane. We see a large region at high m 0 − m 1/2 with sparticles that are well out of reach of the LHC. This region has A-funnel and chargino co-annihilation regions active. We also see a stop co-annihilation region which did not appear in previous global fits ‡ and this region contains our best fit point. In contrast to previous * For a GAMBIT global fit with a non-SUSY model we refer the reader to the global fit of the scalar singlet model with GAMBIT [7] that was also released at the same time as the SUSY papers, but will not be discussed here.
† FlexibleSUSY uses SARAH 4.9.1 [12] [13] [14] [15] and contains some numerical routines from SOFTSUSY [16, 17] ‡ It was also found in the very recent results of Ref. [29] .
fits, we find that the stau co-annihilation region is now excluded from the 2σ confidence regions. plane. From this one can see the stop and lightest neutralino masses which are most important for assessing the impact of current and future long lived sparticle or compressed spectra searches for the light stop in the stop co-annihilation region. We overlayed the plot with a red line showing the limit from current CMS compressed spectra searches, indicating that this region is currently not constrained by these but that there is an opportunity for future searches to have an impact here. It is also important to note that the large trilinear couplings needed to obtain this region could potentially lead to vacuum instabilities and this requires careful study on the theory, involving precise calculation of the Higgs mass and the minima of the potential and phase transition properties. plane with profile likelihood shown as a colour contour and relic density mechanism indicated by colour as in Fig. 1 .
In Fig. 3 we also see that pair production of the light bino and wino associated with the stop coannihilation region could be detected in future, with the latest CMS run II searches for this from a simplified model interpretation (red line) just touching this region. At the same time we also see a light chargino-coannihilation region with light charged and neutral Higgsinos, which is only allowed because we apply the relic density measurement as an upper limit only and allow under abundance of the relic density. However while it is possible to obtain such light states in the CMSSM they are still very challenging to detect at the LHC because of the very small mass splitting between the charged and neutral Higgsinos. Results in the NUHM1 and NUHM2 are shown in Fig. 4 in the m 0 − m 1/2 plane. These results include lighter first and second generation squarks than can be obtained in the CMSSM, but these are still out of reach for the LHC experiments. The stau-co-annihilation region re-emerges in these less constrained models, however the light stau associated with this is still too heavy to be seen at the LHC. In these models some of the stop co-annihilation region may already be excluded by searches for compressed spectra, but it also extends to heavier masses that are very challenging to exclude. As in the CMSSM there are also large regions of chargino co-annihilation and A-funnel with very heavy spectra that are well out reach of the LHC.
The prediction for the spin independent neutralino-proton cross-section for all three models discussed so far, and also a weak scale MSSM7, are shown in Fig. 5 . We see that the XENON1T, XENONnT, LZ and DARWIN experiments can test the entire CMSSM chargino co-annihilation region. This is the region with very heavy sparticles that is challenging to detect at the LHC, so it means there is a strong complementarity between different experiments. On the other hand the stop co-annihilation region is very challenging to detect. The situation is quite similar in the NUHM1, NUHM2 and MSSM7 models, though with the enlarged parameter space even the highly efficient GAMBIT scanning did not probe down to the extremely low cross-sections that are seen in the CMSSM. In addition new regions such as the stau coannihilation (NUHM1 and NUHM2) and sbottom co-annihilation (MSSM7) can also be seen extending to very low cross-sections in these models.
Conclusions
We have presented recent GAMBIT results for MSSM models (CMSSM, NUHM1, NUHM2 and MSSM7). These reveal several different regions within the 2σ confidence interval. In all models discussed there is a chargino co-annihilation and heavy Higgs funnel region that is well out if reach of the LHC, but can be probed by the forthcoming dark matter direct detection experiments. At the same time we see a lighter stop co-annihilation region with better prospects for discovery at the LHC and future colliders, but this region has spin independent neutralino-proton cross-sections that are well below the sensitivity of future dark matter detection experiments. The stau co-annihilation region is excluded from the 2σ confidence regions in the CMSSM and not present in the MSSM7, but is still within 2σ confidence limits in the NUHM1 and NUHM2. In the NUHM1 and NUHM2 the extra freedom also allows the chargino co-annihilation and Figure 5 : Spin independent neutralino-proton cross-sections for the CMSSM (top left), MSSM7 (top right), NUHM1 (bottom left) and NUHM2 (bottom right) within our 2σ confidence regions. The colours indicate active mechanism for depleting the relic density, with colours as in Fig. 4 with sbottom co-annihilation (light blue) and h/Z funnel (purple) now included as well for the MSSM7. The LUX 2016 limit (solid line) [30] with projections for limits from XENON1T (long dashed line), XENONnT and LZ (small dashed line) [31] and DARWIN (dotted line) [32] are all shown in pink.
